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Interstitial Pulmonary Edema

An Electron Microscopic Study of the Pathology of Staphylococcal
Enterotoxemia in Rhesus Monkeys

Milton J. Finegold, M.D.

The toxicity of staphylococeal entero-
toxin B for humans and experimental
anhinals has been investigated for several
vears without definitive understanding of
the mechanism of its action.®® In some of
these studies, including autopsies on two
children who died after ingestion of enter-
otoxin in contaminated goat’s milk,* the
most significant pathologic finding has
been pulmonary edema. Systemic adminis-
tration of the toxin in monkeys was said
to produce lethal pulmonary edema,!' as
did the accidental instillation of toxin into
the trachea of a monkey during a study
of the gastrointestinal pathology.® A re-
cent investigation of the clearance of iso-
topically  labeled  enterotoxin  following
intravenous administ tion revealed the ne-
cumulation of toxin in the lungs of
monkeys.” There have been no publica-
tions on the pulmonary pathology of ex-
perimental enterotoxemia. A report of the
light and eleetron mieroscopic findings in
rhesus monkeys given staphylococeal en-
terotoxin B intravenously is presented.

METHODS*

Rhesus monkeys obtained from ecom-
mercial sourees were housed locally for at
least 90 days before use. Young animals
of hoth sexes weighing 2 to 4 kg. cach had

Aecepted for publieation March 1, 1967.

From the Medical Sciences Laboratory, De-
partment of the Army, Fort Detrick, Frederick,
Marviand.

*In conducting the rescarch reported herein,
the investigalor adhered to “Guide for Laboratory
Animal Fueilities and Care” established by the
Committee on a Guide for Laboratory Animal
Facilities and Care of the Institute of Laboratory
Animal Resources, Nutional Academy of Sciences-
National Research Council.

no known prior expericnee with entero-
toxin, nor were they used in any other
experimeit, Purified staphylococeal enter-
otoxin B, in the form of a dry powder,®
was dissolved in  pyrogen-frece normal
suline, Between 8:30 and 10:00 a.m., cach
monkey reecived a single rapig intravenous
injeetion of 0.1 to 1.0 ml. containing from
15 to 300 pg. of toxin per kg. of body
weigl* The monkeys were observed every
4 hours and were sacrificed with intra-
venoux sodium  pentobarbital when mor-
ibund, In addition, randomly sclected ani-
mals were sacrificed at 1, 3, 6, 12, 24, 48,
72, 96, and 120 hours. The lungs were
excised, freed of mediastinal tissues, and
weighed. They were fixed by endotracheal
perfusion with 2 per ecent glutaraldehyde
buffered to pIl 7.2 by 0.1 M phosphate to
give a total osmolality of 444 mOsmoles.
The perfused lungs were immersed in the
same fluid at 0-4° C. for 1 hour, then
scctioned, Three to 10 1-mm. cubes of
tissue from representative arcas of ecach
lung were taken for clectron microscopic
examination and 1- by 1- by 0.3-cm.
soctions of all lobes were excised for paraf-
fin embedding and light microscopic study.
Further processing for eicctron microscopy
consisted of washing in buffer adjusted
to 444 mOsmoles with 0.25 M sucrose,
mincing in buffer, postfixing in osmium
tetroxide for 1 hour, dehydrating in alco-
hol, cmbedding in Epon 812, scctioning
with o Porter-Blum MT-1 microtome,
treating sections  on unsupported grids
with a saturated xolution of uranyl ace-
tate, and examining in an RCA EMU 3-G
mieroseope,

Routine seetions of heart, lymph nodes,
liver, spleen, stomach, jejunum, ileum,
colon, kidney, and brain were taken from
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seleeted amimals for light microscopic ex-
amination.

RESULTS

[Saeh of 32 rhesus monkeys was given
one intravenous injeetion of enterotoxin in
a dose of 15, 20, 100, or 300 pg. per ke
of body weight, These doses were inter-
mediate between o previously established
effective doseg, . 1 pg. per kg, as measured
by vomiting,' and a lethal doses; o T mg.
per ket There was considerable variation
in ench wroup with  maximal  offeet, in
terms of pulmonary edema,  obtuined
20 pyr. per kg At eneh dose level animals
remained  wlert and aetive, despite un
initinl episode of vomiting and a persistent
mild diarrhen, until 40 to 48 hours, A\
that time some monkevs refused food and
bheeame  lethargie,  with  =low and  deep
respiration, progressing to stupor at the
time ol saerifiee between 45 and 55 hours,
Aninetds failing to show these signs by

INTERSTITIAL PULMONARY EDEMA
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48 hours invariably  remained well and
haed no evidenee of pulmonary edema when
sierifiecd,

The presenee and  degree of  edema
were measured by an index of Tung weight
to body  weight. Body  weights  ranged
from 1.94 to 3.44 kg, and lung weights
varicd  tfrom 16 to 55 gm. The index
ringed from 6.0 to 23, A value of 10 was
estublished s the upper limit of normal,
as determined by numerons controls and
confirmed by corrclation  with the light
microscopie  findings.  Twelve  monkeys
were saerificed prior to 48 hours, with no
elinieal  evidenee  of illness  other  than
disierhea. Al had indiees below 10, and no
pulmonary pathology was found by light
or cleetron microscopy.,

Among the remaining 20 monkeys, only
cight had an index above 10. In cieh of
these eight, the index correlated with the
degree of pulmonary edema scen with the
light microscope and with the presenee of

Fie. 1. A pulmonary vein (abeore) el arteriole Chelor) are surponneded by edemaions
X035,
Frs. 2. A pulmonary vein lies to the wpper left. The adjpeent conteetive: tissue s

mterstitind tissue,

edematous, Large, dilnted vinphatios are seen to the right,

=65,
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lesions found in the electron microseopie
exanmnation. A detailed deseription of the
findings in these cight monkeys follows,

Licor Microscory

Lungs. Marked perivasceular interstitial
edema was present in all lobes (Figs. 1 and
2). In these arcas lymphatic vessels were
distended by large quantities of amorphous
cosinophilie fluirld, oceasionally  containing
red blood eclls. Smaller venules were fre-
quently distended with blood cells, yet al-
veolar capillaries were not  significantly
congested, There were few seattered foed
of intraalveolar edema (Fig. 3). in which
the fluid had often been condensed arti-
factually in processing into coarse granular
and fibrillar cosinophilic matter. Some al-
veoli and the =epta in such foei contained
an excess of mononuclear eclls, including
finely vucuolated pulmonary histioeytes
and plump monoeytes without lipid vacu-
oles, and a few lyvmphoetes and neutro-

Laboratory Investigation

philic granuloeytes (Fig, 41, Lesions of
apillary and venule endothelium could not
be dixeerned in cither standard 5-p paraf-
fin-embedded  seetions or in 1-p plastie-
embedded seetions at magnifieations up to
X 1250.

(Gastrointestinal  Tract. Stomuch, jeju-
num, ileum, and descending colon were ex-
amined. There were no significant differ-
ences among the eight monkeys dying 45
to 55 hours after enterotoxin and numerous
control animals from other experiments,

Other Organx. There were no consistent
or xignificant finding= in ivmph nodes,
heart, spleen, liver, kidney, or brain.

iLEcTrON Microscory

Examination was limited to the lungs.

Vennles, Moxt of the venules examined
showed only an accumulation of «l.zhtly
granular, cleetron-opaque fluid in the ad-
ventitia, with foeal separation of collagen,
smooth musele, and clastic tissue of the
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Fri. 3. Alveoli contain edema fluid, some of which is coarsely granular or tibrillar,
A few monontelear vells are found in septacoud alveoll, X200,

Fro. 8. The interstitinm adjacent to o«

Sl bijeid droplers Sl the extoplsm of 1wo such colls on the left,

venule i erowded  with mononuelear eolls,

X650,
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Fri. 5.0 venule with jumen (1) containing & red blood eell (durk homogeneous
body, eenter), There arc foei of endothelinl degeneration with diseomtinuity of  the
surfuce Carrmwx). A histweyte s ot Jower Weft and two alveolar septal cells are
meide and wppee beft. <500,

tuniea media by the fluid but no endo-
thelinl  lesions, However, an oceasional
venule displayved focal endothelial eell dis-
ruption  with discontinuity  of the lining
and cleetron=dense or granular alteration
of endothelial  eell extoplasm  (Fig, 5,
arrows) . Adventitial edema was continuous
with the exeess fluid in the interstitium,
and red blood eells were commonly found
in these extravasenlar locations (Fig, 6.
Oceasionally, mast eclls were found in the
walls of veins and venules; they were not
degranulated or otherwise remarkable.
Capillarics, The most striking, numer-
ous, and diverse lesions involved capillary
endothelial  cells. Complete eell neerosis
wias defined as fragmentation of cell con-
stituents with interruption of the plasma
membrane, inereased eleetron opaeity,
dense granubarity, and swelling (Fig, 7).
Degenerative changes were defined as in-
ereased density and  granularity of  the
evtoplism CFies S omorked swelling of the

evtoplsm with rarefaction and dispersion
of organclles (Fig, 91, or swelling with
inereased size and numbers of vacuoles in
the extoplasm (Fig, 101, Thus, nectosis is
considered an extension and combination
of the degenerative changes, In caeh ex-
ample, it may be noted that the neerotie or
degencrated eells retained continunity with
entirely normal endothelial eells,
Crystalloids were encountered oceasion-
ally in pulmonary capillaries from  both
control and experimental animals, Within
one swollen and granulare eapillary endo-
theliad eell (Fig 11 sueh a ervstalloid
remained intaet in the  extoplasm, The
strueture shown measares  approximately
ROO by 360 mp and consists of a latticee
having equal periodieity of approxineately
266 N in both dircetions, As seen in an-
other example from a normad monkey Fige,
20 there my be some pelationship to
microtubules at the periphery of the lat-
tiee, Another formm of ervsaral hias been de-

e ———— | s . st e+ s+ e o
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Laboratory Investigation

Fra, 6, Tnterstitial edema and hemorrhage (). The alveolar Jumen () s at upper
vight. Portions of severad sepral cells, smooth nmsele colls (helae, Tefty, ad bundles

of ecollagen and  elastie Bissge ure

(). <3000.
seribed in the endothelin of arteries"
Some evtopliasmie bodies within otherwise
intaet endothelad eells were found i the
experimental series only, and they appear
to represent  phagoevtosed  maeriad, o
cither  extrancous or intraecllular  origin
e~ 13 to 150, The round, homogencons
body on the lett in the endothelial eell of
Figure 13 has a single membrane and may
quality as a lvsosome. Also in this ~eetion
i~ an rreglarly serrated inelision of un-
known type in the interstitind tissue be-
tween the epithelind and endothelial eell
hasetent memhranes cupper areony . Sueh
ao~eparition of hasement membranes i the
alveolar wall <hould not be artributed to
interstitial edenee as it i a0 strueturad
feature of normal lungs. Pinoeytotic vesi-
eles. whieh are evident in adl photographs
of eapillary endothelia, were not deteet-

ably more muimerous in the  edematous
s,
One  tinding, restricted  to edematous

funes, consisted ol intraecapillary hernia-

1
sprreid

apart by had contaming  ervthroeytes

tion of endothelinl eells (Figs, 16 to 18y,
Interstitial fluld, aeting perhaps at a point
of least resistanee, aceumulated under the
attenuwated segment of endothelial ecll ey-
toplasm. causing it to be lifted off the
hasement membrane and to protrude into
the capillary Tumen, In Figure 17 it is pos-
~sthle to traece the normal endothelial eell
plasma membranes as they curve upward
in w hatrpin taen tarrow, righty to form
the large. fluid-filled bleb in the eapillary
lumen, On the lower left, the intaet june-
tion between the considerably thinned and
stretehed eell of the bleb and the adjacent
nornutl endothelial eell is scen tlower qr-
row . Xlthough the pressure of interstitial
fluid produced w considerable herniation of
the attenuated endothelial ecll in Figure
I8. there is no deteetable spreading of the
collagen undles Iyving in diveet continuity
with this fluid in the upper left of the
figure, ,

The endotheliul bleb shown in Figure 16,
although also enelosed by a very definite
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Fre. 7. Neerosis of capillary endothelinm Cavreees), The eapillary lumen €67 contains

cell, The thin endothelial

i l'('(l hl()()(l

segment
blood el ix normal. Note the persistence of  intaet
the granular, dense, swollen, and fragmented endothelinl eells to the I fr

belaw and 1o the cght of the ped
junetions between this ecll and

< 10000,

Fii. 8. Endothelial eell degeneration (aeeser), Continuity persists hetween an it
endotheliat cell (eft) and one showing inercased  extoplasnne opacity, dense hodies,

sind shightly enlarged vesieles Ceight), X20.000.

double row of plasma membranes to in-
dieate lifting of an intact ecll, differs from
the following figures heeause of the pres-
ence of cellular debris within it, espeeially
in the basal portion of the bleb adjacent
to the biasement membrane, This suggests
that  =ome  damage to  the nonluminal
plasma membrane may  have ocenrred to
release that strueture from its conneetive
tissue attachments.

Alveolar Epithelial Lining. Very rarely,
a portion of w thin squamous  epithelial
cell ttype I alveolar lining eell®r was sim-
ilarly raised from the hasement membrane
and protraded into the alveolar space, ap-
parently impelled by the pressure of un-
derlying interstitial fluid (Figs. 16 and 191,
Again, the presence of  some  ill-defined
debris along the epithehad basement mems-

brane (Fig, 160 suggests at Jeast focal
damege to the plasmia membrane, perhapes
in a different plane of scetioning, as the
clevated epitheliad eoll membranes scem -
taet wherever they are sharply eut.

Actwil separation of alveolar epithelium
wis seen in o few seetions, Figure 20 shows
such o gap measuring 280 nye Extending
through the space from basement membrane
to alveolwr Tumen 1~ dense fibrillar material
that displavs the 220- to 240-X periodicity
of fibrin'* under higher magnification. Fibrin
was sometimes found in the interstitnnm and
wits it conspicuous conmponent of the meager
alveolur exudate g 20,

There wis no significant alteration of
the granular pneumoevtes oivpe 11 alveo-
Lo epithelial ecll®) in any of the experi-
mental animeals,
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_ VIR 2\ © it STt N Tl .
I'1e. 0. Fadothedind ool degeneration taerone), There is medaetion and swelling of
thee evioplastn, Continty with the unalfeeted eell Gight) s maintdned. 000 Cagallary
himen,  X25000,
Vi, 10, Bndothelal eoll degencrntion foreme), "The swollen eell contains many vaey-
oleg, hound by etther single or double menbranes,  x23.000.

i, 11 Fudothehal eoll degeneration. A swollen, dense, and granulae captliary endothes
lial coll contams o ervstallowd tarrow) Gae text, page 918), ¢ Capallay fomen,

X 25 00,
Fra, 12, Urestalloid from o normal monkey polnumary eapitlin endotheliom tae
text, page I3 OGN

Fra. 13, Cvtoplashie and interstitial anelusions, A eapillaey endothelial eell contains
a Weasompe Hewer bejt arenw) and a0 sceond mmelusion Uesees wight v}, Vhove
thety e the interstitim between the epithelial and endothelinl basenent membranies
(b)), there s another undentified inelision Capper acroed, X000,

Fiv. M. Endothehal coll melusions {arrwe) . X 10000,

M6, 15, Fndothiehal cell melastons, Within a0 peoiubetsiners of capitlary endothelial
evtoplism hes an aegremade of dense, partle straetured, and meomipletely bound e
tevial. ¥ 25400,

i, 16, Epithelial and ciddothelial blebs, Protrading nto the alveolus G e
ephelial coll s elevated by Bncly groular hads The plasmia membranes appeear
met where the seenomne = shorp. Within the bleh, Iving an the hascment ericme
brane, v some debmis. v simbar appearanee = proosded by an cndothelal ecll, whaels
i~ Wit nto the eapblary hen 03 by Baid, The menthrermes agam seem wtaet,
althongh more cellular debrs s noted, Y 15000,

Fro 120 Bfliers of cdemas v Lame bleh of thad produees ernmnion of the than
seganep. of cndothe-hun o the honen of a0 capdlary (O There o no queshion 1hat
Voas oataet smwee cottmuety of the vedandant loop and reneander of the eel)
ean b oseen daerae, aghty, asowell as o the ganenion with the - Qaeent endothenal ool
tavve  boddony. The plasiia membiaon . are well delinea and anecmariabsbe. Phe

the

cprthehal basement moembiamne w0 the mouth of  the <soe oy e ood, bar e
endothenal wembrane s not devecralde. = 200000,
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Laboratory Investigation

I1c. 18. Interstitial edema (1), The eadothelial cell is herniated into the eapillary
lumen (), but the collagen bundles at the upper left are not spread apart or otherwise
abnormal. The remainder of the endothelial cell contains multiple evtoplasmie in-

clustons (middle. right). A, Alveolar lumen., X 10,000,

e, 19, Epithelial cell herniation. The thin segm- ot of a squamous cell is foreed
into the alveolar lumen (A) by the pressure of underlving edema fluid. The plasma
membranes are infact and the basement membrane can be traced across the mouth
of the hernia (arrow). To the right are two red blood cells in the interstitium (F)
along with edema fluid,  X15.000.

Fii, 20. Epithelial cell separation, A gap between the thin segments of squamous epithelial
cells s filled by fibrin (f) that extends from basement wembrane to alveolus (A4), where
it s swronnded by portions of a macrophage. The baxement membrane appears intact.

25,000,

F1i, 21, Alveolar exudate. A macrophage () has abundant fibrin (f) within the
grasp of its pseudopods, Cell debris is alzo present.,  X7.£00.

Alveolar Septa. The foeal mflammatory
reaction observed with the light mieroscope
consisted  predominantly  of cells derived
from blood monoevtes® Monocyles were
common within capillaries (Fig, 221, his-
tiocytes were numerous in the interstitium
(Fig. 5), and macrophages were found in
the alveoli (Figo 210, The eells acquired
abundant rough-surfaced endoplasmie re-
ticulum, lipid droplets. autophagie vacu-
oles. and Iysosomes in their passage from
cireulation to airway, and some histioevtes
were secn to divide. An carly stage m the
migrition of a mwonoeyte into the inter-

gtitium through a gap in eapillary endo-
thelium is shown in Figure 22. This defeet
is also associated with interstitial hemor-
rhage, ax indicated by the red blood cell
Iving outside the lumen, Foeal hemorrhages
were  common in the septa and  about
venules 1Fig, 6). Neutrophilie granuloeytes
and  lvmphoeytes were present in small
numbers i the interstitial tissue,

DISCUSSION

Pulmonary  edema has been produeed
experimentally by a variety of teehniques,
ineluding changes in the gas content and
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I, 22,
and protrudes o portion of evtoplasm through a gap between endothelial cells (arrows)
to reach the basement membrane. A red blood cell hies external 1o the lamen, although
apparvently still conlined by another endothelinl ceil proeess and the basement membrane.
Celagen and elastic tissue are tightly bound in the interstitium (7). A, Alveolar lumen.
%x20,000.

pressure of inspired air,!™ 17 25 ¥ meehani-
cal obstruetions to venous drainage.' cer-
tain drugs and chemieal poizons,™ ' 2° and
crude bacterial  toxins,! This report de-
seribes the development of interstitial pul-
monary edema after a single injecetion of
microgram quantities of a purified bac-
terial protein, staphylococcal enterotoxin
B, in rhesus monkeys. In animals dying of
enterotoxemia between 45 and 55 hours
after injection, pulmonary edema is the
mos=t important pathologic finding. Lungs
are from 1.5 to 2.5 times heavier than in
control animals. The fluid is predominantly
confined to the perivaseular and peribron-
chial interstitial space, and the lvmphaties
m these arcas are engorged. Small {oer of
alveolar edema are found, as well as oc-
castonal mononuelear ccll infiltrates of the
septa and alveol,

The ultrastruetural hasis for this striking

cmigration of o monocyte, A large monoeyte (W) fills a septal enpillarey

degree of interstitial fluid accumulation ap-
pears to be toxie damage of capillary and
venule endothelium, which correlates with
the observation that intravenously admin-
istered, radioactively labeled  enterotoxin
B accumulates in the lungs of monkeys.®
A variety of degenerative changes leading
to complete neerosis of capillary endothe-
hum has been obscrved, Some of these
changes have been reported previously in
experimental  pulmonary  edema, such  as
evtoplasmic vacuolation and swelling of
ats given  a-naphthylthiourea,’™  Diamox
tacetazolamider ™  or  reduced  environ-
mental oxvgen,™ and ecllular swelling with
arefaction of the extoplasm in experi-

mental influenza in miee' and monoero-
taline treatment in rat<*" Other changes,

such as inereased celeetron opaeity  and
granularity of the endothelial eell evto-
plasi, have not been reported i pulmo-
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nary cdema but were deseribed in capiliary
damage due to a variety of experimental
methods ' #2 Similarly, the foeal endothe-
lial degeneration deseribed in venules after
enterotoxin injection has been seen also in
allergic inflammation in rabbits ¥ 27

A very interesting feature of the capil-
lary lesions seen in this and many other
studies® & 7 1% iy the foeal nature of the
dninage, so that injured cells retain con-
tinuity with morphologically normal eells
and even show varving degrees of damage
within a single cell. These observations
will have to be explained by any mecha-
nisn. proposed to account for endothelial
ceil injury. Another notable feature of the
experiiient is the delay between the injec-
tion of toxin and the onset of cdema. If-
forts to find histologic and cytologic
changes with hoth light and electron mi-
croscopy in lungs of normal weight met
with failare. Delays of approximately the
same time, 48 to 72 hours in rats®® and 55
hours in dogs,*® were reported for the pro-
duetion of pulmonary edema by inereasing
oxygen tension in the inspived air,

Presumably, the passage of fluid from
the bloodstream to the interstitial space is
facilitated by the destruction of capillavy
endotheliai eells, a point that might be
proved by the use of tracers., Once the
fluid has reached the extravascular spaee,
it. produces significant secondary ecapillary
and alveolar epithelial lesions. The fluid
accumuiates  predominantly  in the ad-
ventitia of veins and venules and the con-
tiguous connective tissue. Alveolar walls
are not significantly thickened and the col-
Ingenous and elastie tissue of the septa are
not noticcably spread apart by fluid. How-
ever, many alveolar capillaries  display
herniation of the thin segments of endo-
thelial eclls into the vessel lumen heeause
of the accumulation of fluid between the
plasma membrane and the basement mem-
brane, A similar phenomenon affeets the
tvpe I alveolar epithehial ecll, which pro-
trudes into the alveolar space, In Dboth
sites, =ome of the blebs contain cellular
debris, suggesting that some damage to the
cell hax oceurred, In other examples, how-
ever, the eells are elearly undamaged, al-
though strikingly thinned.

Laboratory Investigation

Endothelial Blebs have been deseribed in
several reports. They are found in pulmo-
nary capillarics of rats dying of anthrax
toxin,! in ratz drowned in hypertonic
saline,' and in normal rat lungs fixed in
phosphate-buffered  osmium  tetroxide.®
Scehulz™ deseribed them in rats given «-
naphthylthiourca and claimed that they
arose from the enlargement of intracellular
vaeuoles  with rupture of a  membrane-
hound bleb into the vessel iumen, He also
saw swelling of the basement membrane
in this form of pulmonary cdema, and
stated that mechanically induced conges-
tive edema and inereased Q. in the in-
spired air also give the same changes. In
Kisch's report® of “blisters” in the endo-
thelium and epithelium of rabbits given
epinephrine, the origin of fluid in the bleb
is also unclear. The author, as does Schulz,
suggests an intracellular aceumulation, yet
the photographs may represent an extra-
cellular pressure phenomenon as deseribed
above,

The lesions observed in this study may
have several deleterious effeets on pulmo-
nary physioiogy: (1) Primary injury to
the ecapillary endothelium, in addition to
promoting cdema of the interstitium,
could directly interfere with the exchange
of guses hetween alveoli and the eireula-
tion. (2) The herniation of undamaged
endothelial eells into the lumen of ecapil-
bluries may obstruet blood flow in suech
areas, with loss of funetioning pareinchyma,
(31 Interstitial perivascular edema  has
been shown to elevate inwrapulmonary ve-
nous pressure,® further impeding the eir-
culation. (4) Protrusion of alveolar epi-
thelial ecells into the airspace and gaps
hetween epithelial cells may interrupt the
normally continuous layver of surfactant
that lines alvecli. Thereby, the ceffective-
ness of that material in lowering alveolar
surface tension would be reduced, and foeal
collap=¢ promoted.'” (5) The exudation of
fibrin through epithelial cell defects into
alveoli may also impair the activity of
surfactant by an interaction  with  the
lipoprotein®® This would have the same
consequences of alveolar collapse and re-
duction of the <urface available for venti-
lation and gas exchange.
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SUMMARY

Interstitial pulmonary edema was pro-
duced in rhesus monkeys by intravenous
injections of staphylocoecal enterotoxin B,
a purified protein toxin. The primary
pathologie change, as vevealed by eleetron
microscopy, was capitlery endothelial cell
degeneration and neerosis, with less fre-
quent damage to the endothelium of venu-
lexs, Secondary phenomena were interstitial
hemorrhage and cedema and a histioeytie
infiltrate. There was striking herniation of
capillary endothelium  into the vascular
lumen which may contribute significantly
to deercased pulmonary perfusion in this
toxemia.
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